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Abstract ¢ )

. ’ N -

It has often been argued that all techniques ofastandard setting aré arbitraryi

b3 -
-~

and l1ke1y to.yield d1fferent results for d1fferent techn1ques or persons - °
‘. Th1s paper deals with a\re]ated but h1thertb agnoredwaspect, namely the 'A" ' .

':..; poss1b1hty thv An@of‘f,‘or Nede]sky Judges spemfy 1nCons1steht probab1]1t1es,

. .. el gﬁ,,a ]o} nrobab111ty for an,easy 1tem but a ]arge pfobab111ty for a hé{d
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AV gtem A 1atent trait me%hod is pnoposed to est1mate such‘m1sspec1f1eat1ons-

o o~ . "., ~

o, and t6 3etErM1ne whether the Judge has worked consnstently Results from an

)
-~ $'~ o ioe " ’ . :
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4 emp1r1ca] study are g1ven wh1ch 1ndJcate that serious; errors’ of spec1f1cat10n ’ o
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can be expected "and that these are cons1derab]y 1ar9er for the Nede]sky than A'% .
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. Assessing Inconsistencies in Standard-Setting

-

with the Angoff or NedelsKy Technique .

.

o
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'Inconsistencies in Standard Settihg \

>

‘-

This paper is concerned with the " use of standard—sett1ng techn1ques 1m

[N

-

-

o

/.
obJect1vestased 1nstruct1ona1-prog¥ams

For such programs a great var1ety of

A
,technfques has been proposed (for rev1ews seesbﬂass‘ 1978 Hamb]eton, 1980 A

Hambleton, Powel] &, E1gnor 1979 Jaeger 1979 Shepard 1980a, 1980b). The .

emphas1s in th1s paper Wil be "on the Angoff

v

197} and Nedelsky (1954) tech-

niques. These two techn1ques, wh1ch are based on an item by item judgment of ..

. ¥

- test content, are among the most popular techniques in use in objectives-

- . »

based 1nstruct1on ' " i _ . . x

It has -been argued that a]] standard Sett1ng is arb1trary (Glass, 1978;

F e

'Shepard 1979, 1980a, 1980n)., This is correct since standards ‘ought to reflec

1 Y
learning ob3ect1ves, and these q1t1mate1y rest on values‘and norms. In

addition, the varioys standard-setting techn1ques avaxlab]e d1ffer -more or

less, in the concept1on of .mastéry under1y1ng the way ‘standards are obta1n€dﬂ

Therefore, d1fferent resu]ts can be expected both, for d1fferent techn1ques

"""""""""" 3 T
“and for d1fferent persons us1ng the same techn1que Ih)s has been conf1rmed‘
1980;

in many exper1mentsA(Andrew & Hecht, 1976; Brénnan & Lockwood

Koff]er, 1980; Saunders, Ryan, & Huynh, 1581 Skakun & Kling, 1980) In this

.

paper we, do not share the concerh w1th 1ncons1stent results due to d1fferen-
0
ces between techn1ques or,persons Instead the 1nterest is in a related
but h1therto 1gnored apsect of. stahdard sett1ng, namely the poss1b111ty of

lntraJudge 1ncons1stency Int?ajudge 4n‘~ns1stency ar1ses when the Judge

spec1f1es probab111t1es of success oh the 1tems that ard 1ncompat1b1e w1th

g‘?
o
>
-

S
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. each other and imply different, conflicting standards. An example of
: . 1

' ‘intrajudge-inconsistency is a judge specifying a Tow probability, of success

G

~

.For an easy item but a large probability for a hard item. These two

- . jdugments are obv1ous1y inconsistent: the former 1mp11es a low standard
whereas the 1atter indicates that a h1gh standard should be set. Another

PR example isea ;udge specifying approx1mate19 equa] probab1lat1es for h1gh1y
discriminating items (of dqffgr1ng,d1ff1cu1t1es) Gend&a]]y, 1ncons1stenc1es
such as.in these examples are due to a discrepancy between the actual proper- .
ties of theAjtems and the‘judge‘s perception of them. . e ' t ' .

Thus far; fo attention has .been paid to the‘possibjldty‘of intrajudge

1nconsistency, andsresults of the Angoff or Nedelsky -technique are generally
employed w1thout checking the qua11ty of the Judge. This may be due to the .

fact that C]QSS1C&] test theory does not provide sat1sfactory methods for

- ot

. ' analyz1ng such*1nconS1stenC1es. It is the purpose of this paper to show how

1atent trait theory can be used to dec1de whether Angoﬁf or Nedelsky standards'

.

" have been set consistenly enough for use in pract1ce and to assess for wh1ch

L -

items inconsistencies have occurred. The second purpose of the paper is to

present emp1r1ca1 resulés showing how consistently the Angoff and Nede]sky
techn1ques were used in a typ1ca1 educat1onal s1tuat1on. In, the fo]]ow1ng
N - ’

o .1t is assumed that the reader is fam111a1r with the elementary coneepts »

" from 1atedt trait"theory as-well as the technical aspects of the'Angoff and

.
.
.
* ¢
. - N . s
N . .

» . N
.o . Nede]sky techn1ques (see the appendix) A fuller descr1pt1on of the method *
‘ . and the emp1r1ca1 results is g1ven 1n wan der L1na%n 1981a) . ° - .
5 ¢ 4 ~ h
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" conflicting standards.
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is unequal to zero.,
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- N 4 . .
N .
, . .

- . Method

> N ———————

-t . . r d ' . *
As mentioned ear]ier, 1ntrajudge inconsistencies arise when probabili-

“ties aré spec1f1ed that .are 1ncompat1b1e w1th each other and 1mp1y d1fferent

F1gure 1 shows how this can be v1ewed from 1atent

trait theory. In this example 0 denotes the 1eve1 of mastery belonging to

.

the border11ne°student whom the Jjudge has 1n mind. From the 1tem characteris-

tic eurye it follows that this borderl4ne student has a probab111tx of :
Buccess equal to %%f However, the judge specifies a probability equal to

o

pi(S). Now, a misspecification occurs if - T

It'fs easy to see that a judge*is only“consistent if @90 .«

=0 for a11 items.:As soen as

misspecifications occur, that is, if e,
s . . ]

are obta1ned for some items, the gudge is inconsistent’

-

his probab111t1es do not imply the same mastery level and
& 2

therefore cannot be]ong'to one- person Thus, 4in order to decide whether a -
‘=

misspecdficatinns

in the sense'that

Judge has worked ¢ ns1stent1y, a method is needed to assess the nnsspec1f1ca-

r tions e;.

The fo]]ow1ng

th}s purpose‘

54
L) %{*"

J'/;‘k_

¢
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-

‘eps sufmarize how latent trait theory can- be used for
. ‘ ‘1 .. . ‘

4

-

J A 1atent trgyt mode] is chosen 1ts parameters are ‘estimated, and its

/ ’I PR . v
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. Using’ equat]ons 1 and 2: (append1x)

~ LR
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v
. : 3
° [ ] .

. For these n items the Angoff or Nedelsky technique is used to specify

for each item the probability of Success p]( )
the Angoff or Nedelsky standard T,

is computed. T . . LY

. The hypothes1s to be tested is that the Judge has worked consistently,

i.e., has spec1f1ed correct probab111t1es of success. Note that under this

. ‘

hypothesis, the Angoff or Nedelsky standard technically is a true score

(expected observed score). The true score standard T, is next transformed
into a standard on the 6-scale of the latent trait model via the estimated
test chara&teristic curve (appendix,‘equation é). Since the latent trait
is no explicit function of Tes trial va]ues must be sub-
.stituted for the former until the value of the Jatter is obtained. The
task is simplified hy the fact that Q is monotonically related to T.
However, some compdter’programs standardly produce the estimated test

can simply be read off.

3

characteristic curve, and in that case 0

. Next, substituting. 9 and the estimated item parameters into the model,

>
’

the est1mated probab111t1es p are computed,

.. In order to determine whether the hypothesis of a consistent judge is

tenab]e, a comparison between the subjective probabilities, provided by
the judge, pifs)’ and the objective probabilities estimated under the

Pis must be made, This can be done using the index of consistency

-~

model,

Cl (append1x, equat1on 5). Cl is the degree to'which.the average absdlute f

m1sspec1f1cat1on d1ffers from its max1mum possible va]ue measured on the

+

standard 1nterva1 (o, 1] The closer the value of Cl to zero, the _less

K tenable,the hypéthesis.is that the Judge has worked consistently.

.}' ‘ . Hne t'

.
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- model (appendix, equat1on 4). A more deta11ed déscription of the items and {

» -

R ‘ & “Inconsistencies in Standard Setting

7.

N AN

. Y . L N ’

7. A spec1a] d1ff1cu1ty is associated w1th the use of the Nede]sky techn1que

,

This techn1que can provide onTy a’ 11m1ted number of poss1b1e probab111t1es
of success, and 1ncons1stenc1es may therefore be attributable to the
d1screte'character of the technique rather than the Judge s behavior. The
index A (appendix, equat1on 6) can be used to assess how large a reduction

of cons1stency has occurred because of the discrete character of the »

q

techn1que ‘ ) ‘ . -

8. Finally, the pattern of differences between p.(s) and p., is analyZEd
Technically, these differences are the “residuals® 1eft over after the
hypothes1s of a consistent judge has been f1tted to the data. An analys1s
of th1s pattern can be used for “instance, to detect 1tems w1th systemat1c
errors across Judges\ or 1tems for which the Judge needs add1t1bna1 trainming.

.:‘

. . Results .
[ SRS - -
'; ] - ' M "‘ .
A . « - ] F
An empirical 1nvest1gat1on ‘was carried out to 111ustrate the above >,

method and to compare results for the Nedelsky and Angoff techniques. E1ght
Andoff and n1ne Nedelsky Judges were used. who each 1nspected the same 25-

item test belong1ng ‘to an instructional unit from a phys1cs course introducing
grade “ten pupils to’ elementary mechanical concepts. All items were~of the

three- or four-choice type. A latent trait analysis, based on the responses

of 156 pupils, produced 18 items showing a sat1sfactory‘f1t to the Rasch

the design of the study is given in van der Linden (198la, 1981b).
- e . .
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‘ 9.
: ) - Taple 2 ‘
Estimated Probabilities of Success 1ur -Two Nedelsky Judges;':
o ; ' = . '
\ Judge 2 JuddE 5
: ) N () B ) B (S B (N 13
I?eﬁ Py . Py j 4 P Pi e Jei

£ woN

(8]

" 1.00
1.00
.50
1.00
.50 °

1.00 .

1.00
.25

11 .
.93

.50

2 .94
84
87
@
o

.86

74

-

.16

.82
.22
.26
.62
.94

17

.87
.92
71
.86
.74,
.84 -
.82
78

.74

62

.94

.83

.12

o7,
.05
. .13
.01
.08

17
.01

.02
.12

.06
.07

SV

.17
.20

.53
)

,13

.08

.10
.04
.08
12
.16

.11 -

.04
.14

..08

.12
.01

.08

.05

.03

.09
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‘g1v¢7 the average -absolute errors of spec1f1cat1on E) "the n 4t co]umns

.. as well as the most consistent judge. The last two

;o S Inconsistencies in Standard Setting'
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Tab]e 1 shows the resu]ts for the nine Nedelsky Judges Thé first column

)

Il

value of © was equa] to .09. s

TaBle 2 contains the values of p}(s) and ﬁi.for he 1east consistent

olumns show the upper

~,

(é(“)) and lower (e(Q)) bounds to the estimated mi specification (pi(s)'- pi)

for the individual "items.®ote the larger variability of these specification
errors for the worst‘judge.. . A‘ .

The results ‘for the_eight Angotf Judges are given in’?éhle 3. The mean
absolute error for all eight Jjudges was equa]?tol 18 and thus less serious
than for the Nedelsky techn1que Corres ndtngly, the va]ues for Qd are h1gher
than'the ones in Table 1. Table 4 gives more detailed information about the
results ‘for the least consistent and most cons1stent.Angoff Judges

The conclus1on from the above findings is that when using the Angoff or

#Nedelsky technique one has to reckon with serious misspecifications of the

proQabi]ities‘qf success from which the standards are compuied;HOnethe_whn1e

- these errors are however noticeably less unfavorab]e for the Angoff than for °

the Nedelsky techn1que the explanation be1ng the fact that the Tatter adm1ts

only d1strete probabilities and thusa]ways forces the” judge to be inconsistent

to some extent. T, T .
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) ‘ - < - Discussion- _ Co e
e o
The method propdsed in this paper canbe used for severa] purposes. N

An obvious poss1b111ty is a routine check of standard setting results before

they are used' in educat1ona1 pract1ce. Other possibilities ‘are,for examp]e:

1~) select1ng Jjudges meet1ng predeterm1ned cr1tef1a of conslstency, 2)

evaluat1ng programs for tra1n1ng judges, (3) assessing consequences of
modifying standard-sett1h9 techniques, or (4) item aﬁalysis to detect items .
LY

For all these applications of the method, it is necessary that.the 1tems

»

f1t the 1atent tra1t mode1 However, if some of the items do not sat1factor11y

fit the mode] "the method can still be used for the other items® 1n the test

The dhiy modification necessary }s the computation of a new standard skipping ,
‘the items not'fjtting/the model. THe estimation. of the errors of specification o
and the -consistency index are based on'the'new standard, and these estimates,

then, still give an impression of how“consistent19 the judge has-worked.
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n T Appendixg Main Formulas and Equdtions’ Riee
) Angoff standard .
' ‘ " "’ . ( - .
For a test of length n, the Angoff standard is equal to oo
.- ’ | i
n o
2 ‘. S .
Vom0 1Y
i=1
whére'piis) is the borderline student's probability of success as épecified
by the judge. ' : .
¥ Nedelsky standard e vor !
- < ¢ .
. 1 ) ’
f ‘ The Nedelsky standard is equai to (1) with
.‘ 0(5) - .‘.‘ ! -1 .
. (2-) p,i\ = .[q]' k.‘[] ’ \ . :
:’\ ‘s % ‘
; ‘where q; is the number of alternatives of item i, and k; is the' number of f
- " R alternatives,of which the judge indicates that the borderline sfpdent’knows f
. they are jncorrect. - e ’ . ;
\ ) . ’ . N
; N ' w / ' - g - 7
- Test characteristic curve : :
- For a sfudént,Witbgec, it holds that
. - . i ',/ s
e a0 < 3 Bl = ED uylog) = Exls,)
S (3) N FEPL(+]e.) = E(u.le.) = E( u, |6 ) = E{Xja ) =« _,
RS SLACIL NS = SRR 5 S © L
H . b ~ . ‘\.“. ? -" :;
: T ‘(;w;\»"‘,“.fﬁ:l» a0l .. t e /"ﬁ T “ ' ! i:g‘fj’;
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P ' 3 “"
where'P.(+|u 1s the probab111ty of a correct response to item i3 E( ) is :
* the expected value operator u; is the 1tem respnnse var1ab1e (1 = correct, °
0 = 1ncorrect), and (e is the c1ass1ca1 test” theory true score. ) o
' . 4 . ! -
. , ‘ q | '
Rasch model . . - ‘ ‘
@) . Pi+]e) = {1 + expl-(6, - b)J}
~ ‘ -
where bi'is the difficulty parémefer of item i,
v ' . ]
. . . L. '
Index of consistenc
| M-E | ‘
~ - i v
(5) O] . '
. . ’ 8 ¥
where . o,
- s) : .
] * Z Ip N p'I.I/n’ ] - 5\
~ . | A= |
A n . . N |
. Mz ) e (u)/n; : |
. i
. i=1 . e
" ei(u4”5 hax{pi, 1 - p{}f:‘ - . R - .o
. R L . . c o
Caw ’ . - . ' -
., - . - B T - .
Note that gi(ﬁ) is ghe maximum value of Lpf |
' ‘ o : ’ - . .
maximum valuewof E, o
8 J P ; o
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- o Reductign in consistency : Lo T
o o , ’ . - ] . . o
)\ ) . ‘:’Z‘z'.’ - \ . .
N .:‘ . -~ "‘“ ..€ » - N - .,(- .- - ' .
\ . For the.NedeTsky technique the. reduétion?in consistency due to the discrete
y v A . . ] . ) ) . ‘ , "’: . . -v‘
. ‘> character of its probabilities is equal te~ . T .
! . . . ) - » . e . "
r ' . P 1
+ (6) A= C2 - Cl’ . ) . v
& N
™ ‘ o ]
where ‘b o
@ 5
' . ‘ - . . -
LIPPrs » C' = M - E * - -
2T T
* v ) . M_ m R - 4
. ) . N
S 1 I3 : &
oo S ooms ] ei( ) /ns .
- ) i=1 , - _

R A4 \ - . .
. * - ‘ - ' ) . ‘ ) * "A ‘e
‘ * . R 2, . . . ° -
“-and ki is the value of ki in (2) chosen such that ei( ) is mininal.. Note o
. (1) . R S - et e e o
that ei( ).15 the minimum value of lpi(S) - pi], and that m is the minimum
"~ value of E. - - ‘ ol o P
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